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Abstract 
In the fire accident, inhaled smoke and toxic gases are the main factors lead to loss of life. Smoke control systems are vital to the 
safety of staff when fire comes. At present, the two methods of study of smoke movement and control are computer simulation 
and experimental scene of the fire. Easy to carry out computer simulation, and the key parameters can be gained faster, but the
simulation software and model-building process within the existence of various assumptions and simplifications, so some 
parameters may be not exact enough. Way through the field experiment can be real, intuitive grasp of the situation under fire 
smoke movement and control effects. 
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
Today's new building design is generally a large space, which is a typical architectural style atrium. In general, 
across many floors of the large space called the atrium. The building contains the majority of the atrium is a large 
public buildings, such as multi-layer shopping malls, luxury hotels, and other senior administration building [1]. 
Compared with ordinary buildings, atrium buildings are personnel-intensive, complex internal functions and so on. 
The most prominent feature in the atrium is that it has one or more continuous in the vertical direction through 
several layers of large cap space. Once fire occurs, the heated and poisonous smoke maybe spread rapidly among 
floors which are communicated with the atrium or even the whole building, which threaten to the personnel 
evacuation obviously. At the same time, high-temperature fire plume during ascent by the surrounding wall or room 
cooling caused smoke layer gradually decreased, and the surrounding atrium invasion corridor or rooms, to make the 
smoke filled the entire space in the atrium and its adjacent buildings, which brings great difficulties to the 
evacuation and suppression work. Thus smoke control of atrium becomes a hot topic in the field of international fire. 
China University of Technology and the Hong Kong Polytechnic University built a large space (atrium) fire test 
room. A great deal about large space fire characteristics of basic research, carried out a large space building fire 
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research new technologies, to achieve substantive results. WK Chow, Hong Kong Polytechnic University [2] in the 
atrium of a clear height of 28m to do a CFD simulation of gas flow, and the experimental results were compared 
with the large space of each point the height of smoke layer temperature and consistent. Also this article pointed out 
that choosing the appropriate and accurate heat release rate and ventilation is essential for the credibility of CFD 
simulations. 
2. Method of calculating the amount of smoke 
At present there are two main methods to determine the smoke exhaust amount of large space [4]: 
The first is the air exchange rate method. China's current "fire protection design of tall buildings" [3] in the 
atrium building on fire, smoke involves three aspects of the design requirements. One on the mechanical exhaust 
requirements are as follows: clearance height of 12m above the atrium should be installed mechanical exhaust 
system. Atrium smoke exhaust volume to volume as a unit, determined by air changes. Atrium smaller than 
17000m3, its smoke 6 times the amount of its volume / h ventilation calculation; atrium volume is more than 
17000m3, its smoke 4 times the amount of its volume / h ventilation calculation; but the minimum exhaust Amount 
not less than 102000m3 / h. 
   The second method is plume flow method. The National Fire Protection Association issued in 1992, 
commercial street, the atrium smoke control systems and large space design guidelines NFPA 92B [1] that large 
space using this method to determine the amount of smoke, now that the method is also widely used in performance-
based Calculation of exhaust design. 
The calculation formula of plume mass flow method as below: 
                

Where   - the convective part of heat release, the general value for the 0.7Q (kW); c
 Z - The height of fuel surface to the bottom of the smoke layer (m) (value should be greater than equal to 
the minimum clear height); 
Q
 - plume mass flow (kg/s). pm
1/3 5/30.071 0.0018p cm Q z= +
3. Full-scale experiment 
The object of this experiment is an office tower in the atrium B (Figure 1), connecting the atrium and down the 
three, semicircular, with a total of about 12 meters high. When doing experiment, the second and third of the fire 
shutter down, the court as an independent fire district. Atrium at the top with a 4m * 0.3m of the exhaust port, rated 
exhaust rate 8.3 m3 / s. Fill the bottom outlet is located in an area of 10 m2. 
Experiment, the smoke package of equipment placed in the middle of the atrium. Dedicated to the UK imports of 
oil into the smoke, smoke devices, heated to 380 degree heat, then high-pressure cylinders of carbon dioxide 
(pressure of 0.4MPa) will be non-toxic smoke generated by the oil pressure out of harmless white smoke. To better 
simulate the actual ax-symmetric fire smoke plume, in the exhaust outlet, the addition of disc burning with alcohol, 
alcohol burning through the exit to further heat the hot gas, and thus obtain sufficient Buoyancy. 
Field experiment is as follows: zero time smoke began, after steady amount of smoke to 9 minutes 22 seconds 
(562s) to stop the release of smoke, exhaust fan opening time of 6 minutes 11 seconds (371s). 
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Fig.1 Smoke control experiment site map (left column for the lights along the beam) 

Fig.2 Smoke layer height versus time in field experiment 
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In this paper, observation indicator method was adopted to determine the height of smoke layer. The following at 
some distance from the top to set a lamp, to form a beam visibility show bulb by bulb cameras and observers to 
judge the shelter eye to determine the smoke layer height. Figure 2 is observed the changes of the smoke layer and 
recorded the result; we can see smoke layer height in the 370s before the recorded decreases over time, 370s after 
the exhaust fan is turned on, the height of smoke layer gradually increased. 
4. CFD simulation 
In this study, numerical simulation software FDS was applied to simulate full-scale experiment, there are four 
model region where calculate. To ensure the comprehensive consideration of efficiency and accuracy to meet the 
project under the premise of this report to set the grid size of 0.5m × 0.5m × 0.5m, a total of about 70 000 grid mesh. 
The location of smoke release in simulation and field experiments were both at the midpoint of the two columns 
in the atrium. Taking into account the average height of not more than 2m, this choice to determine the safety of the 
indicators: height of 2.0m above the ground, smoke less space, the temperature should not exceed 60 ć, visibility is 
not less than 10m. 
Field experiment to simulate the scene, the fire heat release rate = 1MW, in the 560s when the heat release rate of 
decay to zero. Exhaust fan opening time for the 370s, and running to the end of the experiment. 
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Fig.3   Smoke layer height versus time in simulation 
Fig.4   Atrium Y = 12 temperature plane distribution at 600s 
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Fig.5   Atrium H = 10m visibility plane distribution at 370s 
Fig.6-   Front view of the atrium smoke spread at 600s 
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From Figure 3, the smoke layer decreased rapidly in the 0-200s, 370s exhaust fan turned on, maintained at 3m 
height of smoke layer above fire until the 560s decay, smoke layer, it has rapidly increased. Comparison chart in 
Figure 2 shows a high degree of variation of smoke layer similar to the basic conditions can be drawn to this site to 
reflect the full scale experiment. 
Figure 4 is the 600s when the plane Y = 12m the temperature contours, can be found from the figure center of the 
plume than the roof area temperature reaches 70 degrees, the rest did not exceed 60 degrees, for the safety of 
personnel is not a threat. 
Figure 5, Figure 6 shows, 370s yet open when the fan, gas concentration is high, then low visibility, can be seen 
from the atrium on the majority of regional visibility in the 16m or so. The smoke layer decreased slowly from top 
to bottom, so H = 10m better visibility of the plane reference value, the visibility can be seen the basic requirements 
to meet the evacuation. 
5. Conclusion 
Comparative field experiments and computer simulation results, we can see the smoke layer height changes 
between the two basically the same. It can show that the FDS simulation of fire in the law of large space is feasible, 
it should be noted that the time: choosing the appropriate and accurate heat release rate and ventilation is essential 
for the credibility of FDS simulation. 
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